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RESULTS
We reviewed 64 articles from 20 scientific journals, five books and one report dating from 1971-1998. For each of five orders of birds, we summarized effects of disturbance on waterbird physiological parameters, behavior, reproductive success, nest distribution patterns, and breeding population size trends. We also discuss techniques used to minimize disturbance effects.
Sphenisciformes (penguins)
A total of 17 investigations examined effects of scientific activity, tourism, and aircraft operations on penguin physiology, behavior and reproductive success. Due to their apparent indifference to the presence of humans, penguins were thought to be relatively immune to human disturbance. However, human approach resulted in significant increases in Adelie Penguin (Pygoscelis adeliae) heart rates, even when no evidence of stress was behaviorally manifested (Culik et al. 1990 ; Wilson et al. 1991) . Nimon et al. (1996) found that Gentoo Penguins (Pygoscelis papua) approached gradually by a human to a distance of three meters did not exhibit any change in heart rate, but that any sudden human movement at this distance resulted in a 50% increase. Investigator handling of Adelie Penguins caused an increase in body temperature of up to two oC, a rise which in one case lasted for several hours after capture (Boyd and Sladen 1971; Regel and Putz 1997) .
Foraging and comfort behaviors of Adelie Penguins were also affected by human interference. Foraging trips for birds marked by tail-feather clipping were on average 50% longer than those of unmarked birds (Wilson et al. 1989). The frequencies of "head shakes", "both-wings-shakes", "rapid-wingflaps", and "ruffle-shakes" all at least doubled when an investigator approached from ten to two meters (Ainley 1974) .
Human disturbance also negatively influenced penguin productivity and breeding population trends, effects that varied with colony density. For example, repeated human approaches and nest-checks lowered the productivity of breeding Adelie Penguins (Pygoscelis adeliae) (Giese 1996) . Human passage through a low-density colony of African Penguins (Spheniscus demersus) resulted in desertion of nests and subsequent predation by Kelp Gulls (Larus dominicanus) (Hockey and Hallinan 1981) . When a human approached a dense colony of African Penguins to within ten meters, half of all chicks and adults fled the colony (Hockey and Hallinan 1981 Only two studies have investigated the impact of human disturbance on Galapagos Islands waterbirds despite the popularity of the archipelago as an ecotourist destination. Tindle (1979) observed no significant effect of tourist visitation on Magnificent or Great frigate-birds (Fregata magnificens and E minor) behavior or reproductive success. Burger and Gochfeld (1993) found that booby (Sula dactylagra, S. sula, and S. nebouxii) behavior (walking from, flying from, or remaining at their nest sites) was related to their distance from tourist trails. Boobies with nest sites within two meters of the trail fled the nest up to 95% of the time during tourist visits. Frequencies of alarm calls and head and body turns were higher after tourist groups passed than before. Boobies also avoided nesting close to the tourist trail, despite similarity in nesting habitat. Nettleship (1975) regarded human visitation as the likely cause of decline for a breeding population of Northern Gannets (Sula bassana) in Ontario. Undisturbed populations increased during the same period.
Charadriformes (gulls, terns, noddies, skimmers, and alcids)
We found 23 studies that examined the impact of human disturbance on breeding species in this order. Most research documented effects of investigator activities, although a few investigated effects of recreators and aircraft.
Investigator disturbance lowered reproductive success of gulls, terns, skimmers, and alcids (Gillet et al. 1975 Rodway et al. 1996) . Nests were lost through abandonment, intraspecific aggression, or intra-/inter-specific predation following human intrusion. All of these studies involved high levels of disturbance that are normally associated with nest-monitoring activities (entering colonies, marking nests, handling chicks, etc.). However, two studies reported that the negative influences of investigators on Ring-billed Gulls (Larus delawarensis) were nearly eliminated when careful measures were taken (Fetterolf 1981; Morris 1994, 1995) . Some of these measures included visiting colonies early in the day to avoid thermal stress, avoiding unnecessary handling of chicks, and moving slowly when inside colonies.
Non-scientist disturbance also affected nesting charadrids, lowering reproductive success, reducing population sizes and affecting behavior. Hunt (1972) found that hatching success was inversely related to the level of disturbance introduced by picnickers. Indirect evidence suggested that recreator disturbance was responsible for the decline of a Western Gull (Larus occidentalis) 72 WATERBIRDS population (Hand 1980 ). Erwin (1980) found that recreator disturbance precluded gull and tern nesting on barrier beaches in NewJersey. Tern colonies in NewJersey that were exposed to ecotourist activity were smaller and had lower reproductive success than did other colonies . Finally, though reproductive parameters were not measured, Burger (in press) found that terns were sensitive to motor boats and personal watercraft activity; the greatest number of terns flew above the colony during close or high-speed watercraft approaches.
Sometimes 
Ciconiiformes (herons, egrets, and ibises)
Nine studies examined the effects of a variety of human disturbances on this group of birds, including investigator, logging, and ecotourism activity. In the case of the Blackcrowned Night Heron (Nycticorax nycticorax), the effects of human disturbance on nesting birds were limited to those incurred by scientific investigators. Tremblay and Ellison (1979) found that nest checking and marking provoked abandonment of newly-constructed nests and intensified predation of nest contents by gulls and ravens. Frequent investigator disturbance also discouraged late-nesting in these herons. Parsons and Burger (1982) , however, suggested that Black-crowned night Heron chicks habituated to investigator disturbance and handling. At three weeks of age, all regularly-handled experimental chicks remained in their nests during disturbance. All control chicks, however, left the vicinity of the nest, sometimes fleeing the nesting tree altogether. In contrast, Davis and Parsons (1991) found that Snowy Egret (Egretta thula) chicks did not habituate to human intrusion, but no differences in survivorship were found between chicks handled twice daily from hatching and chicks handled only during banding (age 7-10 d). Frequency of visitation also had no effect on the reproductive success of Tricolored Herons (Egretta tricolor) during courtship and early egg-laying (Frederick and Collopy 1989) .
Human disturbance associated with logging operations affected colony size, nest occupancy rate, and fledging rate of Great Blue Herons (Ardea herodias) nests (Werkschul et al. 1976 ). Nesting activity also shifted away from the point of disturbance. Vos et al. (1985) found the response of nesting Great Blue Herons to disturbance was dependent upon the type of intruder (boater, horseback rider, or person on foot). Herons were most sensitive to land-related intrusions; 61% of these disturbances resulted in nest abandonment.
When appropriate buffers were set up and monitored; however, human visitation of heronries resulted in no ill-effects . Heronries surrounded by a buffer zone of only 50 m that were visited daily by tourists suffered no short-term reproductive losses, and birds seemed generally unconcerned with human presence near the colony. However, when a group of tourists at an unwardened site entered a heronry, nest mortality rates of 15-28% per heron species resulted Klein et al. 1995) . Ecotourists and recreators are not likely to be aware of the negative impacts that their presence may have on wildlife. Moreover, their behavior can be less predictable than those of scientists. Below, we refer to ecotourists and recreators collectively as "visitors", to distinguish this type of human activity from that of scientific investigators. Though ecotourists and recreators represent differing types and levels of disturbance, there is not enough research on these groups to warrant discussion of each individually. We also use the terms "nesting colonial waterbird" and "waterbird" interchangeably.
Investigator disturbance impacts
Because scientists have long been interested in effects of their own activities, investigator disturbance has been relatively well studied (Table 1) Though much progress has been made in understanding researcher disturbance, there are two main weaknesses in the literature. First, there may be a tendency of scientists andjournals alike to publish only studies that find significant disturbance effects. Publication of studies that find no effect should be encouraged, given the trend to regard research as harmful to waterbirds. Finally, researchers have been responsible for monitoring their own effects, presenting a potentially strong bias; studies should be conducted where the investigator is not aware that his or her effect is being monitored (Duffy 1994 (Table 3) . A buffer of 30 m between human activity and nesting penguins (approach distance) was recommended by three studies (Table 3) . For other groups, approach distance either remains unknown or appear variable, making generalizing difficult; a possible exception are Charidriformes, with an approach distance likely between 100-200 m. All groups appear sensitive to visitor intrusion (Table 3) Future disturbance investigations also should ensure that the impact of the methods of monitoring disturbance is not greater than the visitation disturbance itself. The most effective research methods for detecting visitation impacts will entail monitoring behavior and breeding biology at a distance or following short-term changes in population size and distribution. Since many other factors are known to influence population size and distribution (e.g. food availability, presence of predators, etc.), these should also be monitored. Though less invasive techniques may yield less accurate information (viewing nest contents from afar may be difficult), they are the only appropriate methods for this type of scientific inquiry. More attention needs to be focused on the development of minimally-invasive techniques that permit the collection of accurate data and result in minimal disturbance to the birds being studied (see Fitch and Shugart 1981; Nimon et al. 1996) . Remote monitoring of nests with video cameras is one such possibility.
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